Background: A review of a single physician's experience in managing over 831 infant ear deformities (488 patients) is presented.
I
nfant auricular deformities are classified either as malformation or deformation. Malformations are characterized by a partial absence of the skin or cartilage resulting in a constricted or underdeveloped pinna, whereas deformations are characterized by a misshaped but fully developed pinna. 1 Molding is best suited for deformations, but is useful in cases of less severe malformation.
Our first experience with ear molding was in 1989 with a unilateral Stahl's ear deformity. Evidence in the Japanese literature [2] [3] [4] showed promising results with ear molding at that time. Our technique then involved rather crude fabrication of helical rim stents from thermoplastic dental compound supported with Steri-Strips (3M, St.
Paul, Minn.) to hold the ear in place. This was maintained for approximately 4 weeks and produced an outcome with improved shape but
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lacked the full aesthetic definition of a normal ear. We also quickly realized that when infants with deformity were seen after 3 weeks of age, molding had to be maintained for a very prolonged interval, often exceeding 3 months and requiring an inordinate time commitment from physician and parents. Sadly, only approximately half of the infants treated with late-onset molding, after 3 weeks of age, had good outcomes. As a result, we adopted rather restrictive policies for the use of ear molding. Infants seen at birth with auricular deformity were reevaluated at 5 to 7 days. If the deformity had not improved, ear molding was initiated. If the ears were assuming a normal shape, no treatment was offered. In a subgroup of infants who had some improvement, observation was continued into the second week, and ear molding was initiated if spontaneous correction was not observed by the end of the week. Over time, we realized that postponing molding to await spontaneous recovery only increased the likelihood of failure or poor outcome and increased the interval required for molding.
Parallel to these observations, virtually 100 percent of children and adults seen for otoplasty gave a history of the deformity being present since birth. This coupled with the seemingly universal teaching in pediatrics that these deformities would self-correct led to a study in a local nursery of 100 prospective births. Observations and photographs of all infant ears suspected of being abnormal were made by the attending pediatrician and nursing staff. Of the 100 infants, 39 were noted to have misshapen ears. Of the 200 infant ears seen, 58 were deemed misshapen (29 percent). We estimate that approximately one-third of the misshapen ears present at birth self-correct in the first week, leaving 15 to 20 percent of newborns as candidates for molding.
PATIENTS AND METHODS

Seven Patterns of Deformation
Prominent/cup ear may be secondary to a widened, conchal-mastoid angle, an absent antihelical fold, or a combination of both (Fig. 1, left) . The prominent/cup ear deformity was the most common type and present in 373 ears (45 percent). The antihelical fold requires posterior stenting with anterior pressure to deepen the scapha, whereas the conchal-mastoid angle is only amenable to anteriorly directed forces.
Lidding/lop ear constitutes a folding over of the upper third of the ear and was present in 224 ears (27 percent) (Fig. 2, left) . This may be limited to the helical rim (lidding) or complete folding over of the rim and scapha (lop ear). In this group, it is not only critical to fold the rim and ear back in position, but also to reconstruct the superior limb of the triangular fossa that represents a continuance of the antihelical fold out to the helical rim.
Mixed deformities comprise various combinations of ear deformities and often involve the presence of a conchal crus with prominent/cup ear Plastic and Reconstructive Surgery • October 2010 (Fig. 3, left) . Mixed deformities were seen in 83 ears (10 percent).
The Stahl's (Spock) ear is also a deformity involving the upper third of the pinna and was present in 66 ears (8 percent) (Fig. 4, left) . It is characterized by a transverse cartilaginous crus extending from the normal Y of the antihelical fold out to the helical rim. The normal superior limb of the triangular fossa is absent or deformed by the presence of the transverse crus. The upper third of the helical rim may be flattened, failing to maintain the aesthetic curvature that is seen in the lower and mid thirds of the ear. The key to the correction of this deformity involves the creation of the normal, superior limb of the triangular fossa; obliteration of the abnormal, transverse crus; and reshaping of the helical rim and scapha. 
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Helical rim deformities may present as an absent rim failing to have any curvature and just extending as a flattened appendage off the scapha (Fig. 5, left) . The rim may be compressed so that it folds over, touching the lateral aspect of the antihelix and obliterating the scapha. When compressed, it must be distinguished from a Tanzer II constricted deformity where an actual skin and cartilage shortage is present. In addition, the rim may be irregular or misshapen. Helical rim deformities were found in 58 ears (7 percent).
The conchal crus is a convex crus crossing the midportion (cymba conchae) and extending onto the vertical wall of the concha (Fig. 6, left) . It was present in 25 ears (3 percent) as an isolated deformity but was present in all of the 83 ears with mixed deformities. The conchal crus frequently appears as a continuation of the helical rim across Often, the conchal crus deformity is associated with prominent/cup ear. Like the conchal-mastoid angle, it requires anterior forces for correction.
The least common of the deformities among Caucasian, Hispanic, and African American infants seen in our nurseries was cryptotia, which was found in only two ears (0.2 percent). Cryptotia is characterized by the absence of a retroauricular skin sulcus, with the cartilage framework adherent to the skull. Its incidence is higher in the Japanese series and requires pinching and molding of skin to recreate the sulcus.
Of these deformities, the most difficult to diagnose is the normally shaped but prominent ear. These infants appear cute, and when the abnormality only involves the conchal-mastoid angle, the pinna itself is not deformed. In a separate and independent nursery study, 100 infants were measured for projection at the midpoint of their ear. The average projection of the helical rim from the mastoid was 5.3 mm, with a median projection of 5.0 mm and a mean deviation that did not exceed 1.7 mm. From these findings, we conclude that overprojection of the infant ear secondary to an increased conchal-mastoid angle should be suspected when projection exceeds 8.0 mm in the otherwise normal-appearing ear.
The malformation most benefited by molding is the Tanzer II constricted ear. This malformation affects the helical rim and scapha with varying degrees of skin and cartilage shortage (Fig. 7, left) . The great challenge in the treatment is achieving true expansion of the skin and cartilage framework.
Molding Forces to Correct Infant Ear Deformity
Birth deformities of the ear most frequently involve the upper one-third of the ear. Incomplete formation of the superior limb of the triangular fossa, which is a continuation of the antihelical fold, is almost always present. The absence or maldevelopment of this cartilaginous fold invariably leads to helical rim and scapha deformation. Accordingly, three key molding forces are necessary to correct these deformities:
1. There must be a stent or conformer resting along the retroauricular sulcus in direct alignment with the antihelix to create a continuation of the antihelical fold into the superior limb of the triangular fossa. 2. An anterior conformer, curved to match the natural curvature of the helical rim, places anteriorly directed forces in the scapha. This conformer should not overlap the posterior conformer to avoid pressure injury. 3. Helical rim retraction enables the helical rim to be expanded to its full dimension. In some cases, there is no helical rim development, so in addition to retraction, the heli- Volume 126, Number 4 • Ear Molding in Infants cal rim itself must be created to provide the delicate cartilaginous arch that characterizes the rim.
Midconchal Deformities
In reviewing infants who had poor outcome or failures in molding, almost all were limited to a recurrence of overprojection. Many of these ears were noted to have a conchal crus bisecting the midsection of the cymba conchae and extending onto the vertical wall of the concha. Sometimes, this crus was only seen when the pinna was pushed back to its normal position. The antihelical fold was well shaped; however, the conchal-mastoid angle was widened. Generally, this produced overprojection across the midportion of the ear but sometimes affected the upper third as well.
A subset of children in this group had wellshaped and normal-projecting ears when molding was terminated at 6 weeks. However, over the course of 6 months, recurrent overprojection was seen. This overprojection was again most notable in the conchal-mastoid angle. These children were also unique in that they had a family history of prominent ear deformity. It may be that the genetic influence in these children extends well beyond the period of molding therapy and destines them to late recurrence. Attempts at taping molds in the conchal hollow to correct the conchal crus and conchal-mastoid angle were not successful. The inability to apply enough anterior force with taping and the consequent obliteration of the external auditory canal severely compromised any efforts at molding this area.
With evidence that the conchal crus was a factor in increasing the conchal-mastoid angle and producing a prominent ear deformity, we created a molding device that would allow correction of the upper third as previously described and, at the same time, allow anterior forces to be applied to the concha that would flatten the conchal crus and correct the conchal-mastoid angle. A nonocclusive hypoallergenic adhesive was required to hold for a prolonged interval the device to an infant's ear without damaging the skin.
The final result incorporating all of these requirements was a two-piece cradle system that slipped over the pinna and attached to the skin surrounding the ear. The posterior cradle incorporated a posterior conformer that guided the fold of the antihelix into the superior limb of the triangular fossa while providing an adhesive surface to hold the device against the scalp. A retractor system was subsequently developed to shape and hold the helical rim in position. The retractor was designed so that the helical rim snapped into its preshaped arched cavity and the adjustable rim of the retractor served as an anterior stent to the scapha. The retractor then attached to the inner adhesive surface of the posterior cradle, allowing retraction and expansion of the rim and scapha when indicated. A soft compressible conchal former was designed with an opening toward the external auditory canal and was made to fit in the Plastic and Reconstructive Surgery • October 2010 conchal cavity. The wall of the conchal former was created to rest against the vertical wall of the concha so that it would exert a downward force at the takeoff of the concha from the skull (conchalmastoid angle). The height of the conchal former can be varied by the addition of compressible foam to its surface.
The anterior shell was attached to the posterior cradle, allowing direct anterior forces to be applied to the conchal former and retractor system. By mak- 
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ing the construct of the cradle clear and with perforations, moisture collection was minimized and direct visualization of the skin was permitted. The adhesive of the device lasts approximately 2 weeks, requiring two additional applications for a total treatment period of 6 weeks. A universal size EarWell device (EarWell Infant Ear Correction System; Becon Medical Ltd., Tucson, Ariz.) was created for babies whose weight ranged from 4.5 to 8 pounds, and a second, larger sized version was fashioned for large-ear infants weighing more than 8 pounds. Fifty-eight infants ears (34 patients) were treated with the final version of the EarWell System (Fig. 8). (See Video, Supplemental Digital Content 1, which demonstrates the use of the EarWell System, http://links.lww.com/PRS/A202).
RESULTS
Final auricular morphologic results were classified as excellent (normal shape), good (near normal shape with some degree of abnormality), and poor (slight or no improvement). From the final construct of the EarWell Infant Ear Correction System, 58 infant ears (34 patients) have been managed with a success rate exceeding 90 percent (good to excellent results) (Figs. 1 through 7, right) . The aesthetic detail among these ears far exceeds the outcome in our patients treated with various stents, tapes, and glues and also surpasses the surgical results in older children. We are reluctant to say that prominent ear deformity has been eliminated with this device, because we believe there is a subset of children that grow into this deformity, possibly manifesting beyond our period of observation. Nevertheless, with this new construct, we have been able to consistently correct the conchal crus, which we believe is one of the underlying factors in prominent ear deformity. No premature infants or infants less than 4 pounds were treated. One 12-pound infant with very large ears had treatment initiated with the large EarWell device but had to be converted to retention tapes after 2 weeks because of his overly large ears. He had a good but not excellent outcome after 6 weeks. Of the various deformities seen, this system corrects all, with the exception of cryptotia, which is still managed with various molding materials, splints, and stretching devices. [5] [6] [7] [8] [9] Complications have been minor and few. Three patients (5 percent) had localized skin excoriations or breakdown: one in the cymba conchae from the conchal former, one along the helical rim/scapha junction from the retractor system, and one posteriorly in the retroauricular sulcus from the posterior conformer (Fig. 9 ). There was no cartilage erosion. Each instance of skin injury was caused by the posterior cradle becoming loose and allowing movement and malposition of the internal parts. Tipping of the conchal former onto the fixed "nonfloating" part of the cymba conchae led to the breakdown shown. Parents are now instructed to return to the clinic when the adhesive of the EarWell device begins to loosen, which occurs on average 2 weeks after application. One infant developed an erythematous rash around the ear that required disruption of therapy for 2 days. This rash was diagnosed as monilia skin infection and was treated with topical antifungal cream before reapplication of the EarWell System. In all of these cases, the final outcomes were deemed excellent.
DISCUSSION
It is well established and apparent that the teaching and belief that all infants born with misshapen ears will self-correct is not only wrong but also leads to an indifference to early diagnosis, which may preclude successful nonsurgical treatment with molding. Several ways to splint the deformed ears have been reported, with satisfactory results. [2] [3] [4] [10] [11] [12] [13] [14] [15] Our experience agrees with that of Merlob et al. 16 and a prospective Canadian study 17 where in the former, none of the control infants showed self-correction, and in the latter, 33 percent showed self-correction, most of which occurred early in life. Our recommendation to withhold the molding therapy until the end of the first week is aimed at identifying those infants who may demonstrate self-correction. In our experience, also approximately one-third showed this tendency toward self-correction, whereas the remainder warranted immediate treatment. 
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Several studies minimize the importance of the timing of molding therapy. Yotsuyanagi et al. 9 reported an excellent outcome in over 50 percent of children treated with ear molding with an average age of 3.6 years. It is important to note that over half of the deformities were cryptotias, a deformity in which the cartilaginous framework is normal and only requires expansion of the retroauricular skin. Their average time of molding therapy was 2.1 months, which was longer than in our patients. Muraoka et al. 12 also reported good results in treated patients between 5 months and 5 years old. In contrast, Matsuo et al. 3, 18 have shown that deformities of the upper third (lop ear and Stahl's ear) respond to therapy only during the neonatal period, even though protruding ears and cryptotia may respond later. Tan et al. 19 are additional advocates for early diagnosis and initiation of molding therapy. Schonauer et al. 13 recommend waiting 48 to 72 hours after birth before applying their splint. In our study, the outcomes are clearly better when molding is instituted in the first 5 to 7 days of life and less favorable when begun after 3 weeks.
The responsiveness of the ear cartilage is greatest in the newborn because of maternal estrogen. 20 Hyaluronic acid, an important constituent of ear cartilage, is increased by estrogen, and is responsible for the malleable nature of the neonatal ear. [21] [22] [23] [24] [25] The circulating estrogen levels decrease rapidly to levels similar to those in older children by 6 weeks of age. 26 Breast-feeding was felt to extend these levels and require a longer interval for molding, probably secondary to the maternal estrogen in breast milk as previously speculated. 19 Infants with failed or poor outcomes have been largely limited to the prominent/cup ear category. Some had an associated conchal crus and were treated before the introduction of the conchal former. Others had a family history of prominent ear and, despite a good response to molding, experienced a gradual relapse after therapy was stopped. We now use retention tapes in these infants to extend therapy out to 3 months.
CONCLUSIONS
Congenital ear deformities are common, and only approximately 30 percent self-correct. These deformities can be corrected by initiating appropriate molding in the first week of life. Neonatal molding reduces the need for surgical correction with results that often exceed what can be achieved with the surgical alternative. 
